Objectives: To determine predictors of pelvic fracture-related arterial bleeding (PFRAB) from the information available in the Emergency Department (ED).
INTRODUCTION
Hemodynamic instability in pelvic ring injury patients warrants expeditious hemorrhage control with simultaneous emergency skeletal stabilization and resuscitation. According to a previous study from the same institution, the incidence of pelvic fracture-related arterial bleeding (PFRAB) is 1.3/100,000 per year. 1 A delay in hemorrhage control in blunt pelvic trauma accounts for most of the preventable mortality in mature trauma systems. 2 The liberal use of angiography as a screening tool is not feasible because of logistics, cost, and the invasive nature and time involved in performing the procedure in a critically injured patient. It is crucial to identify those patients who have PFRAB and who may benefit from a therapeutic procedure. Previous studies have identified predictors of PFRAB such as Injury Severity Score (ISS .25) and Abbreviated Injury Scale Score (AIS pelvis $4), 3 and the size of the pelvic hematoma measured on computed tomography (CT) scans. 4, 5 These parameters are not uniformly available initially in the Emergency Department (ED) and less likely to be useful for clinical decision making. The purpose of this study was to identify the predictors of arterial bleeding associated with pelvic ring injuries because of high-energy mechanisms, which are readily available in the ED during the initial resuscitation period. We hypothesized that the PFRAB could be predicted from the variables available in ED.
PATIENTS AND METHODS
Consecutive trauma resuscitation patients with highenergy pelvic ring injuries admitted to a level-1 trauma center from March 2005 to December 2008 were included in this study. High-energy injury mechanisms included driver or passenger involved in a motor vehicular accident with speed (or combined speed in case of more than 1 vehicle) higher than 60 km/h, motorbike accident at any speed, pedestrian or cyclist hit by a vehicle at any speed, fall from height greater than 3 m, a horse-related accident, compression or entombment of the body, or any industrial accident. Patients with other low-energy injury mechanisms (eg, falling from standing height, falling from a chair, or from a bed) were excluded. Patients younger than 18 years, dead on arrival, and transfers from another hospital with more than 4 hours of delay after the injury were excluded from the study. The initial management in the ED was based on advanced trauma life support 6 and New South Wales guidelines. 7, 8 Initial resuscitation workup included antero-posterior chest and pelvis radiographs, serial observations of vital parameters including blood pressure, heart rate, respiratory rate measurements, pulse-oximetry, serial arterial blood gas analysis, and focused abdominal sonography in trauma (FAST) and/or diagnostic peritoneal lavage/aspiration. External bleeding was immediately controlled by direct pressure or sutures. Emergency noninvasive pelvic ring stabilization (pelvic binding) was performed either in the prehospital phase or in the ED within a few minutes of arrival. A decision for blood transfusion in the ED was made by the trauma team leader (ED physician or trauma surgeon/fellow) individually in each case considering vital parameters, response to initial fluid resuscitation, the hemoglobin level, and estimated blood loss. The initial FAST (and/or diagnostic peritoneal lavage/aspiration) examination was used to triage shocked patients; those with positive result were taken to the operating theater for an immediate laparotomy. A pelvic binder was moved down around the proximal thighs to maintain some pelvic stability during the laparotomy. Hemorrhagic shock was evident on arrival or confirmed later by any of the following signs any time in the ED: Systolic blood pressure (SBP) of ,100 mm Hg, Base deficit (BD) of .6 mmol/L, or transfusion requirement (based on vital parameters, response to initial fluid resuscitation, estimated blood loss, and hemoglobin levels). Pelvic packing through laparotomy or extraperitoneal approach was not part of the institutional protocol and was not performed. Patients with a negative initial FAST result, or a positive result but no signs of shock, were further assessed with CT scans and/or a pelvic angiogram. A pelvic angiogram was indicated based on the discretion of the attending surgeon. The time to angiography was 30-240 minutes after arrival in the ED in all cases. PFRAB was defined, if identified, based on (1) pelvic angiography (extravasation of contrast), (2) on CT angiogram (contrast blush into the pelvic hematoma), or (3) during laparotomy (rapidly expanding pelvic hematoma). Those patients who were identified as candidates for angiography (either on pelvic CT angiogram or laparotomy finding) but died before it could be carried out (4 cases), were categorized as having pelvic arterial bleeding (PFRAB).
Prospective data collection included patient demographics (age, gender), physiology in the ED (serial measures of blood pressure, acid-base parameters including lactate, pH, BD), trauma scores (AIS score for the pelvis, and ISS), fracture types (according to OTA/AO 9 and Young-Burgess classification systems 10 ), blood transfusions in ED and total were analyzed for all continuous variables. Area under the curve was assessed and a cutoff value was determined. Decision tree analysis was also performed for all variables and cutoff values were determined. Data is presented as mean 6 SD or percentages, P , 0.05 was considered significant.
RESULTS
There were 182 patients who were admitted with pelvic ring injuries associated with high-energy mechanisms during the study period. Patients with low-energy mechanisms (167 patients in the same period) were not considered in this study. After exclusion of patients because of age younger than 18 years (15 patients), dead on arrival (5 patients), and admitted .4 hours after the accident (19 patients), 143 patients were included in the study. There were 15 patients (10%) identified as PFRAB: 11 on pelvic angiography, 1 on CT angiogram, and 3 on laparotomy findings.
Univariate analysis showed that patients with PFRAB were significantly older, more severely injured, had lower blood pressures, were more acidotic, required transfusions more often than non-PFRAB patients. They also had a higher mortality rate, 47% (7/15) versus 2.3% (3/125) ( Tables 1-3 ). All variables were tested for correlation with arterial bleeding using the Pearson correlation test. Correlation with PFRAB (r . 0.3) was found with the need for transfusion in the ED, ISS, AIS pelvis, OTA class, positive FAST in the ED, pH worst, BD worst, DBD (difference between BD first and BD worst) and SBP worst (Table 4) . Trauma scores (ISS, AIS pelvis) though having a predictive value, were difficult or impossible to determine early, therefore were less useful for clinical decision making and were not assessed further. FAST was used as a clinical triage tool to select those patients who needed immediate laparotomy, therefore a positive result could not be used to triage for another treatment modality.
Regarding the pelvic fracture pattern, the Young-Burgess classification system 10 had poor correlation (r = 0.08). The OTA classification system 9 had better correlation (r = 0.34). Those potential predictors that were easy to determine within a fewminutes of arrival in the ED such as physiological (SBP first, SBP worst, MAP), and resuscitation parameters [transfusion needed in ED (yes/no)] and acid/base status (pH first, pH worst, BD first, BD worst, and DBD) were further evaluated.
For continuous variables, ROC curves were determined. BD worst had the most favorable ROC curve pattern; the area under the curve was 0.77 (Fig. 1) . Cutoff value was determined by expert opinion (senior trauma surgeon with subspecialty practice in pelvic surgery in consultation with statistician). At BD = 6 mmol/L, there was sensitivity = 0.71 and 1-specificity = 0.33 (Table 5) .
Patients with BD $6 mmol/L had significantly larger proportion of arterial bleeders than those with BD ,6 mmol/L as demonstrated on the x 2 test (Table 6 ). Decision tree analysis showed worst SBP to be the only useful predictor with cutoff value at 104 mm Hg (Table 7) . For other predictors, no such value could be determined with this test.
DISCUSSION
Previous studies have reported the use of pelvic angiography for evaluation and control of PFRAB. 11, 12 The incidence of PFRAB varies with the patient group and timing of the angiogram with a wide range of values between 10% and 92%. 11, [13] [14] [15] In our study, PFRAB occurred in 10% of the patients with pelvic fractures associated with high-energy mechanisms. There are 2 fundamentally different approaches to the use of angiography for patients with PFRAB. After exclusion or control of other major bleeding sources, some authors 11, 14, [16] [17] [18] recommend pelvic ring reduction and stabilization with external fixator or pelvic C-clamp and pelvic packing. They reserve angiography for those patients who remain hemodynamically unstable after these efforts. Others, 19 including us, advocate noninvasive emergency pelvic ring stabilization followed by early angiography with the aim to interrupt the physiologic insult of shock and perform invasive pelvis stabilization, if needed, after this. In both approaches, there is emphasis on the development of institutional guidelines based on local resources and organized team efforts to avoid delays. A study by Osborn et al 20 compared 2 management protocols of direct retroperitoneal packing versus pelvic angiography during 2 different time periods in the same institution. They showed comparable results in efficacy for stabilizing hemodynamically unstable casualties with pelvic fractures, and better outcomes with packing, in terms of postprocedure transfusion requirements and decreased mortality. To interpret the results of different studies, it is important to identify what management algorithm was used with attention to timing of the angiography. Studies with a retrospective design may have limitations because of a lack of strict indications for angiography and possible selection bias. There are only a few previous studies on predictors of PFRAB that have prospective design. 19, 21, 22 Many previous studies reviewed and commented on potential predictors of PFRAB. Some independent predictors were identified, but most of them have limited clinical value. The decision for angiography should be made early, while the patient is in the ED. In our study, we identified predictors of PFRAB that can be easily measured shortly after the patients' arrival in ED. The focus of interest was on physiologic measures and parameters of resuscitation and acid/base status. We found that the presence of significant acidosis with BD ,6 mmol/L, worsening of the acidosis with DBD .2 mmol/L, SBP of 104 mm Hg or less, and the need for transfusion in the ED at any time within 4 hours of arrival can predict PFRAB.
Using BD ,6 mmol/L as a single criterion to triage patients for angiography, we were able to pick up 73% of the cases that presented with PFRAB, accepting a certain rate of nontherapeutic angiograms. Our data clearly demonstrates that the more severe the acidosis during the ED period the more likely the angiography was positive for PFRAB. Sensitivity can be increased using DBD .2 mmol/L as an adjunct, especially for those patients who have alkalosis on arrival. BD was assessed in only one previous study, by Starr et al, 21 and was not linked to the use of angiography. Combining predictors could have a better predictive value than using single ones. Although this could result in higher specificity, it could also result in lower sensitivity, which could be detrimental to patients.
Our data demonstrates that SBP of 104 mm Hg or less at any time during the ED stay also was predictive of PFRAB. A previous study by Salim et al 22 suggested that persistent hypotension with an SBP ,100 mm Hg predicted PFRAB. The longer the hypotensive episode the more likely the patient is to have arterial bleeding.
We also found that the need for blood transfusion in the ED can also be predictive of PFRAB (r = 0.46). Indications for blood transfusion in the ED are poorly defined. Decisions are made individually, by assessing physiologic parameters, response to fluid resuscitation, hemoglobin levels, and estimated blood loss. We recommend the use of this as a predictor with caution, because of these potential modifying factors. Other physiologic variables such as the initial ED SBP (SBP first), initial MAP, temperature, and pH were found to be poor predictors as well. There was no previous study assessing resuscitation parameters as potential predictors.
Trauma scores, such as ISS .25 and AIS pelvis $4 can predict PFRAB. 3 We also found a correlation between those scores and PFRAB. Unfortunately, these scores are not available initially in the ED and most clinicians do not use them in daily decision making. The Revised Trauma Score was associated with the use of pelvis angiogram (no report on PFRAB however) in a study by Starr et al. 21 A large number of studies assessed and reported pelvic fracture patterns as potential predictors. Unstable fractures such as Young-Burgess APC II, III, LC II, III, VS, and CM were associated with PFRAB. 15, 23, 24 Other studies found no correlation between this fracture classification and PFRAB. 14, 21, 25 We were able to find a weak correlation with PFRAB and the OTA classification (r = 0.34). Accurate fracture classification, however, warrants a CT scan, which not only requires an expert surgeon to correctly read the study but is time consuming, making it less valuable in the initial clinical setting. Chi-square test: P = 0.000. Other authors evaluated features on the initial AP pelvis radiographs taken in the ED. Niwa et al 26 found plain radiographs to be useful for predicting hemorrhagic sites, especially in those with anterior fractures. Fracture patterns associated with PFRAB included sacroiliac joint disruption with displacement, 22 displaced obturator ring fractures, and pubic symphysis diastases. 27 These features are easily detected by the first care providers who are not necessarily experts. However, PFRAB cannot be ruled out if those obviously fracture patterns on the AP pelvic radiograph are not present. The relevance of these plain radiographic features is also limited because of the fact that most patients now have pelvic binders applied before any imaging. In the presence of a well-bound pelvic ring, it might be easy to underestimate the severity of the injury.
Measurement of the size of the pelvic hematoma on CT scan is recommended by Blackmore et al, 4 and size .500 mL strongly suggests PFRAB. Generally, hemorrhaging patients are poor candidates for CT scans before their bleeding is controlled, and we did not use CT pelvis angiogram as a screening tool to identify PFRAB.
Contrast blush into a pelvic hematoma on a CT angiogram (CT-A) is accepted as evidence of PFRAB. 28, 29 In our study, only 9 of 22 patients who were indicated for angiography had a CT-A of their pelvis before angiography. Four had contrast blush into the pelvis: 1 patient died before angiography could be performed, 2 patients had PFRAB demonstrated on angiography, and 1 patient had active bleeding from a lumbar artery (classified as non-PFRAB). Pereira et al 5 determined the sensitivity, specificity, and accuracy (90%, 98%, and 98%, respectively) of the pelvic CT-A to detect PFRAB. Two other studies suggested that the absence of contrast blush on the CT-A does not reliably exclude PFRAB. 30, 31 Increasing age was found to predict PFRAB in several studies with cutoff values between 55 and 65 years. 19, 21, 32, 33 This could be because of the older patients' sclerotic vessels inability to arrest bleeding with vasospasm or the increased chance of antithrombotic or platelet aggregation inhibitor medication. We found increasing age to be a weak predictor (r = 0.19). Although female gender predicted PFRAB in a study by Salim et al, 22 we did not find it to have any predictive value.
There are several traumatic shock studies indicating that lactate and BD values are predictive of outcome and these parameters are frequently interchanged in the description of metabolic acidosis during shock. [34] [35] [36] The unexpected fact, that first pH values in the non-PFRAB group were lower than in the PFRAB group (Table 1) , is most likely due to combined or predominantly respiratory acidosis in the non-PFRAB group rather than due to shock.
In our study, the 4 patients with PFRAB who died before the angiogram could be carried out were the focus of our attention. Three of them had a positive FAST examination associated with hemorrhagic shock in the ED and were taken for an immediate laparotomy. After detection of a large pelvic hematoma but no other major source of bleeding, they were indicated for pelvic angiography. One patient died on the operating table. Other 2 patients had pelvic external fixators applied and died on their way to the angiography suite. The fourth patient had a pelvic CT-A, which was positive for a contrast blush into a large pelvic hematoma. He was indicated for formal angiography but died before it could be carried out. Potentially, all 4 patients could have been saved if pelvic angiography and embolization had been performed earlier in their care, but the need for angiography and embolization could not be determined accurately. It is possible that in these cases, a combined operating room and angiography (hybrid facility) is probably the best solution for their management.
We have realized certain limitations of our study, one being the relatively small study population. Running the study for a longer period was not feasible in our center because delays in changes in resuscitation strategies would potentially influence the results. A multicenter study with pooling of data may cause paucity because of different treatment protocols and local logistics. Utility of transfusion requirement in the ED as a single predictor is limited because of a lack of precise indications of transfusion, as mentioned earlier. The decision for transfusion was unique in each patient and potential bias might be associated as a result. Another potential bias was that the indication for angiography was based on the discretion of the attending surgeon. Some indications were generally accepted such as contrast blush into a pelvic hematoma on CT-A and hemorrhagic shock in association with a pelvic fracture without any other major sources of bleeding, but these indications were not followed consistently throughout the study period.
In conclusion, physiologic parameters such as BD worse than 6 mmol/L, decrease of BD of .2 mmol/L between 2 measures, SBP , 104 mm Hg, and the need for transfusion in the ED can all predict PFRAB in the initial resuscitation setting. After exclusion of abdominal, chest, and extremity bleeding, these predictors can be valuable to triage blunt trauma victims for pelvic hemorrhage control with angiography or pelvic packing depending on the institutional protocol.
